Background: Cavus foot is a deformity represented by an increased and rigid medial longitudinal arch, and it is often associated with persistent pain and gait disturbances. None of the conservative conventional treatments for cavus foot have shown conclusive evidence of effectiveness, and so further is research needed to understand how to manage this condition better. This study aimed to assess the immediate and short-term radiological changes after combining static stretching and transcutaneous electrical stimulation of the plantar fascia in adults with idiopathic cavus foot.
Introduction
Cavus foot, or pes cavus, is a structural foot deformity characterized by a high and rigid medial longitudinal arch, [1] frequently as a result of muscle imbalance, [2] and occurs bilaterally in approximately 10% to 15% of the population. [3] Around 60% of individuals with cavus foot are likely to report persistent foot pain due to high plantar pressures, [4, 5] with a remarkably increased load under the metatarsal area. [6] Hence, foot pain related to cavus foot may lead to important functional limitations. [7] Cavus foot can be classified into 3 main types: cavovarus foot (the most frequent type), calcaneovarus foot, and "pure" cavus foot. [1] While it can have a congenital, neurological, or traumatic origin, [5] the prevalence of cavus foot without an identifiable underlying deficit has steadily increased in recent years, [8] because the mechanisms underlying this foot deformity are not fully understood. [1] All presentations frequently provoke gait disturbances, [1] and result in a rigid plantarflexed position of the forefoot on the rearfoot. [9] Therapeutic approaches for cavus foot, whether conservative or surgical, aim to decrease the plantarflexed position of the forefoot and relax the plantar fascia. [10] [11] [12] Lateral weight-bearing foot radiographs are used to measure the height of the plantar arch and represent an objective tool to assess treatment outcomes. [10, 13] Among nonoperative procedures, the use of orthoses, usually custom-made insoles, [14] is the most common strategy in the clinical setting to improve the distribution of the plantar pressures, provide comfort and stability during gait, and relieve fatigue in the lower extremities. [14] [15] [16] Additionally, various footwear models, [17] or intramuscular injections of botulinum toxin, [18] have been used to prevent progression of cavus foot and related disability. However, none of these treatments have conclusive scientific evidence of effectiveness, and there is a need for high-quality research to determine the efficacy of other approaches for cavus foot. [1] Several physical modalities can be combined to manage foot disorders. [19] Manual therapy, joint range-of-motion exercises, stretching, and electrotherapy, are among the physical therapy interventions used to prevent or treat cavus foot, [1] with emphasis on maintaining the foot flexibility and reeducating the gait. [20] Stretching exercises are used to improve flexibility of the shortened muscles and thereby enhance functionality. [21, 22] Combined electrical currents and stretching, referred to as electrical muscle elongation, is thought to facilitate gliding capacity of the deep connective tissue, allowing higher muscle flexibility, [23] although this remains controversial. [24] [25] [26] [27] [28] To the best of the authors' knowledge, no previous study has evaluated the clinical impact of combining stretching and electrical currents in adults with cavus foot. Therefore, this study assessed the immediate and short-term radiological changes after combining electrical stimulation and static stretching of the plantar fascia in adults with idiopathic cavus foot. It was hypothesized that electrical elongation of the plantar fascia could flatten the medial longitudinal plantar arch, as assessed by changes in several radiological angles.
Methods

Study design
A single-blinded randomized, controlled clinical trial was undertaken. The updated guidelines of the consolidated standards of reporting trials for reporting parallel group randomized trials were followed. [29] All participants were informed of the general aspects of the study (possible benefits, risks, side-effects, and that it would compare different interventions). Participants and the evaluator who collected the outcome measures, remained unaware of the participants' allocation group to ensure participant and outcome assessor blinding. [30] Due to the nature of the trial, it was not possible to blind the therapist in charge of the intervention. An independent researcher used Microsoft Excel's randomization function to complete the randomization schedule for treatment order, taking into consideration a 1:1 ratio distribution of participants in the study groups: the neuromuscular stretching group (NSG), and the control group (CG). An external assistant, not involved in the clinical trial, safeguarded the randomization sequence, and sealed, opaque envelopes were used to conceal the treatment order allocation.
The study was conducted in accordance with the Helsinki Declaration and approved by the Institutional Review Board (project code: 17-F-08). The protocol was prospectively registered in the Brazilian Register of Clinical Trials (UTN number: U1111-1207-0161). All participants provided verbal and written informed consent.
Participants
Based on a nonprobabilistic convenience sampling, 74 adults, who volunteered to participate, were consecutively recruited at the podiatric clinic at a large public university in southern Spain. To be eligible, participants had to be aged 18 to 45 years, and with a diagnosis of idiopathic cavus foot. Those participants with an internal Moreau-Costa-Bertani angle (MCBA) less than 125°i n a lateral weight-bearing foot radiograph were included ( Fig. 1 ). [31] The exclusion criteria were as follows: a diagnosis of degenerative, musculoskeletal, tumoral, or systemic disease; a history of foot or lower extremity surgery [6] ; having received manual treatment in the lower legs in the 4 weeks before data collection; current use of orthopodiatric treatment for cavus foot; consumption of analgesics or anti-inflammatory drugs within 48 hours before the study; previous severe traumatisms or fractures affecting the lower extremities; and reporting current or recurring pain in the lower extremity that could interfere with standing position. [32] 
Study protocol
Following randomization, clinical and demographic data were initially collected. At baseline, a lateral weight-bearing foot radiograph was taken, and 3 different angles were measured. Between 3 and 7 days after baseline, the intervention was performed in both study groups by a physiotherapist with more than 10 years of clinical experience. The second evaluation was carried out immediately postintervention, and the last session took place 1 week after the intervention. A single examiner assessed all outcome measures.
Measurements
A lateral weight-bearing foot radiograph was acquired using a portable X-ray device operating at 45 kV and 4 mA/s (Sedecal SPS HF-4.0; Sedecal, Madrid, Spain). Radiographs were taken from the dominant foot in all participants, keeping a 1-m distance between the X-ray device and the foot. Three different angles were measured using the AutoCAD software package, version 20.0 (AutoDesk, San Rafael, CA):
(1) the internal MCBA, which is defined by the line originating from the lower pole of the medial sesamoid bone and the line originating from the lowest point of the posterior calcaneal tuberosity, both joining at the lower point of the talonavicular joint. [33] This angle is considered as an appropriate measure of the medial longitudinal plantar arch, [33] and its normal value is around 125° [31] ; (2) the calcaneal pitch angle (CPA), represented by the angle between the inferior surface of the calcaneus and the supporting surface, with a normal value of 20°( Fig. 2A ). [34] The CPA is a valid assessment tool, [35] with a high intra-and inter-observer reliability, [36] and represents the preferred radiological angle to diagnose cavus foot [37] ; and (3) the first metatarsal declination angle (FMDA), measured as the angle between the axis of the first metatarsal shaft and the supporting surface, with a normal value of 20°( Fig. 2B ). [38] 
Interventions
The NSG participants underwent a neuromuscular stretching technique of the plantar fascia using transcutaneous electrical nerve stimulation with symmetric rectangular biphasic current (TENS MED 931; Enraf-Nonius, Rotterdam, Netherlands). A 50-Hz pulse frequency, with a 300-ms pulse width was used. Two rubber electrodes were fitted into sponges of equal size. One electrode (10 Â 5 cm) was placed at the retrocapital metatarsal area, and the other electrode (5 Â 5) was located over the heel. The participant stood on 1 leg and held onto a bar to maintain balance. First, the plantar muscles were placed in a stretched position. Then, the current intensity was set at the participant's maximal tolerance to achieve a strong and comfortable tingling, but without evoking visible muscle twitches. [24] As the participants started to accommodate the current intensity, the therapist increased the intensity to reach the maximal tolerance threshold. This procedure was repeated 3 times, in line with previous research using post-isometric muscle relaxation techniques. [39, 40] The whole intervention protocol lasted between 8 and 10 minutes. Meanwhile, the CG participants received no intervention but waited in a standing position for 10 minutes before the post-intervention assessment started.
Statistical analysis
Based on a previous pilot study, and assuming a 1-tailed hypothesis, a between-group allocation ratio of 1:1, a medium effect size (d = 0.55), an alpha value of 0.05, and a desired power of 90% (G * Power 3.1.2; Kiel University, Kiel, Germany), 30 participants per group were necessary to complete the study. To account for potential dropouts, 34 adults were finally included in each group. Statistical analysis was performed using the PASW Advanced Statistics (version 23.0; SPSS, Inc, Chicago, IL). Data are reported as mean and standard deviation. Normal distribution of study variables was assessed using the Shapiro-Wilk test. To check the intra-rater reliability of the assessment procedure, 10 radiographs were randomly chosen, and the internal MCBA, the CPA, and the FMDA were measured twice, with 10 days between measurements. The intra-class correlation coefficient was calculated using the data obtained from these measurements. [41] A repeatedmeasures analysis of variance (ANOVA) was applied to assess changes in the radiological angles from baseline to immediately postintervention and 1 week after intervention. Bonferroni adjustment for post hoc pairwise comparisons was used. Mixed-model ANOVAs were used to compare the differences in the mean radiological changes following intervention between groups. Values of Pearson product-moment correlation coefficient analysis indicated the associations between the radiological angles. Statistical significance was set at P < .05.
Results
Sixty-eight participants (42 females, 61.8%), aged 19 to 37 years (24.2 ± 5.2), met the eligibility criteria and were finally included and equally distributed between the study groups. There were no adverse reactions or dropouts during the study protocol (Fig. 3) . The intra-class correlation coefficient values for the internal MCBA, the CPA, and the FMDA were 0.972, 0.981, and 0.941, respectively. These results are similar to those of previous studies, [41, 42] and suggest good reproducibility of the measurements. Table 1 includes the baseline characteristics of the participants. At baseline, there were no differences between groups in any study variable (all, P > .05). Table 2 lists the radiological angles measured at the different assessment points (baseline, immediately postintervention, and 1 week after intervention) in both study groups. In the NSG, ANOVA showed a significant increase for the internal MCBA (P = .03), and a significant decrease for the CPA (P = .01) and the FMDA (P = .04) when comparing assessments at baseline and immediately postintervention. These changes remained statistically significant 1 week after intervention (all, P < .05). In the between-group comparison of the mean changes after intervention, ANOVAs revealed a statistically significant group effect for all angles (all, P < .05), except for the CPA when comparing findings at baseline and 1 week after intervention (P = .445) ( Fig. 4) .
For the correlation analysis, the internal MCBA had a significant negative correlation with the CPA (r = À0.651, P < .001) the FMDA (r = À0.772, P < .001), respectively.
Discussion
The present findings demonstrated that combining transcutaneous electrical nerve stimulation with static stretching of the plantar fascia, compared with no treatment, achieved immediate and short-term radiological changes in adults with idiopathic cavus foot. These changes represented a flattening of the medial It is suggested that successful treatment for cavus foot should modify the increased medial longitudinal plantar arch, and achieve a painless, plantigrade, shoe-able foot. [15] Conservative treatments, such as orthoses and stretching protocols, are recommended for those with a mild cavus deformity. [22, 43] Previous research has evaluated the efficacy of combining electrical currents with stretching exercises in different populations, with conflicting evidence. The use of transcutaneous electrical nerve stimulation during static stretching is purported to enhance stretch tolerance, leading to increased flexibility and range of movement, as evidenced in physically-active adolescents after an 8-week intervention program, [25] and in healthy young males, [26] and adults, [44] after a single treatment session. Previous findings also concluded that adding electrical stimulation to stretching might be highly effective in decreasing pain and muscle hardness in a healthy population, [26] and modify the plantar pressure in patients with idiopathic cavus foot. [11] However, contrarily, the concurrent use of transcutaneous electrical nerve stimulation, interferential currents, or neuromuscular electrical stimulation with stretching did not benefit muscle flexibility, range-of-motion, or function, compared with stretching alone, in healthy adults, [24] athletes, [27] young women, [45] and post-stroke patients. [46, 47] To date, this is the first study to use electrical muscle elongation as a treatment for idiopathic cavus foot. We aimed to observe the changes in foot radiological angles after intervention, instead of assessing improvements in flexibility or range of movement, as most former research has done. [24, 25, 27, 44, 46, 47] Besides, previous studies applied the electrical stimulation predominantly over the hamstring muscles, [25] [26] [27] 44] or the calf area, [24] but not in the plantar fascia. Finally, although we chose the electrical current parameters based on the best available evidence, [48] differences in the type of electrical current, the current parameters, the number of sessions, and treatment duration may account for these inconsistencies among studies and make it difficult to compare results. It is; therefore, not possible to reach a definitive conclusion about the clinical benefits of combining electrical stimulation with stretching interventions, because most studies in this field, except for de Jong et al, [46] and Leung et al, [47] have only assessed healthy participants.
Similar to the current results, the use of custom-made orthoses helps to flatten the foot arch in individuals with bilateral cavus foot, with a mean decrease of 3°for the CPA. [13] Contrary to this, recent studies have observed a slight increase of between 2.0°and 2.5°in the CPA following invasive interventions with potential side effects, for instance, arthroscopic resection or triple arthrodesis. [49, 50] Changes in the CPA are likely to benefit the treatment and prevention of cavus foot. [13, 51] In our study, the NSG participants demonstrated a considerable decrease in the CPA immediately postintervention (1.14°), and 1 week after intervention (0.91°). Even though the changes in the CPA were smaller than those reported by Eslami et al, [13] these results were achieved after a single intervention session. This finding infers that the repeated use of neuromuscular stretching of the plantar fascia might help to maintain these changes in the medium-and long-term, but remains speculative. The value of the internal MCBA was negatively correlated with the CPA and the FMDA. Therefore, the observed decrease in the CPA and the FMDA could also explain the increase in the internal MCBA after intervention and, consequently, the flattening of the medial longitudinal foot arch. However, various and inconsistent clinical measures of static foot posture exist, which should be considered when comparing among studies. [52] Metatarsal pain is a common related symptom in individuals with cavus foot, and it is often associated with plantar fasciitis and sesamoiditis. [16, 53] Compared with neutral feet, those with cavus foot show greater pressure under the forefoot, [6] which could be attributed, in part, to a greater inclination of the metatarsal bones relative to the ground. The use of cavus foot orthoses effectively decreases pain and ankle instability. [54] Consequently, modifying the foot angles, such as the FMDA, Table 2 Radiological angles values at different assessment points; mean ± standard deviation (95% confidence intervals).
Baseline
Immediately postintervention One week after intervention Indicates significant differences in the pairwise comparison from baseline to immediately postintervention. † Indicates significant differences in the pairwise comparison from baseline to 1 wk after intervention. could help to relieve the associated symptoms and prevent functional impairments. Some potential study limitations should be mentioned. First, this is a preliminary trial that assessed immediate and short-term (1 week after intervention) radiological changes, so the results should be interpreted carefully. Second, we recruited adults aged 18 to 45 years. Although debatable, [55] it is reported that the prevalence of cavus foot starts to decrease after the age of 50 years. [56] Therefore, it would be of interest to study the impact of electrical muscle elongation in an older population with cavus foot. Third, measurements were only made on the dominant foot after a single session. Fourth, the minimum clinically important difference between the assessed foot angles has not been calculated, and so the clinical relevance of these findings remains uncertain. Finally, the evaluation of related symptoms, such as foot pain, was beyond the scope of this study.
Conclusions
The combination of static stretching and transcutaneous electrical nerve stimulation has an immediate and short-term positive impact on the internal MCBA, the CPA, and the FMDA, compared with no treatment, and helps to flatten the longitudinal medial arch in adults with idiopathic cavus foot. Future research should assess the long-term adaptations of foot angles after neuromuscular stretching of the plantar fascia, and combine electrical muscle elongation with other therapeutic approaches, such as manual therapy and the use of orthoses, to reflect daily clinical practice.
